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Water quality monitoring by CrowdScience

gy SECCHI DISK

Read a magazine article (PDF)
THE GLOBAL SEAFARER STUDY OF
THE MARINE PHYTOPLANKTON £ol 50 oxsiv o (PDF)
. Ed Email:.contact@secchidisk.or:
Are You Taking Part ? L o

Visit the project Facebook page for reports and server status updates f

HELP STUDY THE
PHYTOPLANKTON

GET THE FREE SECCHI APP AND /. yea
MAKE A SECCHI DISK TO TAKE PART ‘=

i0S Tutorial Android Tutorial (PREZI)
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READ WHAT PEOPLE ARE SAYING
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You don't need a network
connection to use Secchi.
Secchi stores your data
until you get a mobile
signal, it will then ask if
you want to submit your
data, or wait until later.

DATA FAQ (PDF)

“| think the advocacy you've inspired is a fantastic LATEST N EWS

achievement. People who | typically wouldn't
associate as science-minded or even remotely

CALIFORNIA BE
interested in the ocean have linked me to the Secchi D iVER NEWS
Disk Project. For that, | say congratulations!” )

Tyson Bottenus, Sustainability Director, Sailors for the Sea '//
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>90 years of observations = Z; is a function of K,



The classical theoretical relationship:

(Duntley 1952; Preisendorfer 1986; Zaneveld and Pegau 2003; Aas 2014)

&j Ci — rT — rW
r.W

VA L r I(
SD — = 1N
Kd+@ Cy

¢ >> K, (*5-10)

K,: Diffuse attenuation coefficient

c: Beam attenuation coefficient

C.: Inherent contrast

C,: Contrast threshold of human eye; ~*2%



Results via theory-based algorithm
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Theory-based model did not perform well, and
does not match relationships from measurements

How could this be?!

Three issues/ “mistakes” in the classical interpretation of Z.:

1. Spectrally-weighted attenuation

2. Evaluation of contrast

3. ¢ for contrast attenuation



1. Spectrally-weighted attenuation

[
Kqg+C

ZSD —

K4 and c are quantities based on photometric quantity weighted
by the response function of our eyes, ie assumed we use the
entire visible band for this detection ...

N= [L Ry, dA
ﬂvis



Water spectral attenuation
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Ratio of Z, with color filters (ZkS)D ) ZSqD ) to Z;,, and ratio of

28 to 28,

_ Blue water (N = 6) Green water (N = 7)

Blue-pass glasses 0.95+0.09 (0.81-1.08) 0.79+0.09 (0.63-0.90)
Green-pass glasses 0.79+0.08 (0.67-0.88) 1.01+0.07 (0.88-1.08)
SESEERGFCELE EESS 1.2040.10 (1.06-1.30)  0.78+0.07 (0.71-0.90)

We detect targets in water using the transparent window,
not the entire visible band.



2. Evaluation of contrast

Ca(Z) _ I—T (Z) B LW(Z) _ 7 (Z) B rW(z)

L, (2) [ (2)
\-I' ' 0.015 6
(a quartz
(7,) T, A Dblack
o A s ~-=- C_ for90m
0.010 &, 4 o
3 a o~
90 m bottom =
1)
-g 0.005 ., 2 O
. VAN
(¢0) & A
I_ /.//l-i\R A A
_m—N yAY
= 0000 +x="" . i
400 450 500 550 600

Wavelength [nm]



Evaluation of contrast

Classical evaluation of contrast is not consistent with the
judgement decision by eye-brain system.



3. ¢ for contrast attenuation

Water Surface

Stratified
Natural Hydrosol

Secchi Disk

Bottom Surface
b T T i T i I T T T ry e e e ire 7

Geometry of the Secchi Disk Sighting

(Preisendorfer, 1986)

contrast:

Ca(Z) _ I—T (ZL) _(;—)W(Z)

Detection limit:

Ca:Ct

Threshold of human eyes; ~“2%



Derivation of contrast attenuation

Stratified
Natural Hydrosol

Secchi Disk

Bottom Surface
b T T i T i I T T T ry e e e ire 7

Geometry of the Secchi Disk Sighting

(Preisendorfer, 1986)

Radiative transfer:

L (z,
d % =—CLy(z,¢) +j4”da)

L,(2,&') .
4= ——cLW(z,§)+j4,Bda)

Assume:

L (2) Bdw =L, (2) Baw
\ 4
—c(Ly (2) - Ly (2))

[
Kqg +C

1L (@)-L,(2)
dz

Lsp =

A Secchi disk is assumed as a

point target for human eye!



Secchi disk vs the resolution of eye “sensor”

~0.5 Arcmin

~0.2 mm for a
distance of 1 m

d ~ 1500 * eye resolution

Zsp: up to “50 m

d ~ 30 * eye resolution

For a radiance sensor with a 5° resolution, the equivalent target is
~ 120-m wide when viewed 1 m away.

» A Secchi disk is NOT a point source for human eyes.



Point source: L'T (Z) = L'W (Z)

Spatial variation of radiance around a Secchi disk:
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Derivation of contrast attenuation

LT(Z $) =Ly (z,8)+], ] dw
W(Z ) _ oL w(Z, 5)”4”"&'@

L'y (2) Bdw L, (2) fdw
3

a5 o1 0)-L,0)
dz l
r
Kqg +C

Lop #



d ~ 50 * the resolution of “eye sensor”
A Secchi disk is a sinking “sea floor” to human eye
Radiative transfer of shallow bottom (Lee et al 1994, 1998):
L (0-) = T EY (0 )(1 o~ (Kd +KL)Zj+r EL (0—) e (Ki KD
Adjacent water: Contrast in radiance:
L (0-) =1y Eg (0-) L = 1§ (0-) - Ly (0-)

Eye- adapted Contrast:
h_ L7 (0-) - Ly (0-)

tr tr
Ca Ed(o ) ‘ Cn ( ) —(Kq +K{)z
=C/ mm) 7,




New theoretical relationship for Z,:

1
£s0 KT LK
)
1
f0 5Ky
5Ky |

C/

tr | )
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0.013 ,
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1
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N/
N/

Kér : attenuation coefficient in the transparent window

(Lee et al 2015)



Verification of the new Secchi disk theory
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Verification of the new Secchi disk theory
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Can the new theory explain historical data?

Hydrolight simulations with a wide range of
|OPs (a440 ~ 0.001 — 50 m1)

U

Kd(}\) KPAR

l I 77
Kélr ) 7,



Comparison between simulated and observed data
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(Lee et al. 2018)



New Kd/tr 2 Z, =2 Koap
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For global “Case-1"” waters (Boyce et al. 2012):
143.29

Chl =
(ZSD)2.08

Also for “Case-1"” waters (Morel and Maritorena 2001):
Kq () = K, (4) + 2(2)(ChI)**

!

Z, vs Chl

How consistent will the two be from Secchi theory?



Relationships between Z., and Chl:
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O
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B
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New theory
Boyce 2012
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DooDe e

0.01 -

Zs, [m]
(Lee et al. 2018)



Global Z¢ from SeaWiFS




Application with Landsat-8 measurements




Why Secchi depth is not ¢ dependent?
What does “seen”/”visible” mean?

C, O, E «<—— Recognize/ differentiate

«—> detection

Secchi Disk sighting =
A detection

We don’t care about the details; just want to know if it is there.
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What can we do with Secchi depth measurement?

Z,, > Chl, SPM, Trophic State index (TSI), fishery, ...

2,,%2425 7 7

IOPs =2 Z_, and Z,

U

Z.,~3.5Z,






R () = F(a,(4), a5 (4), a5 (4), by, (4), 0y, (4))
| Ris (40) = F(a,(4), 851 (£), 85g (£2), 04, (45), By, (45))

\Rrs (ﬁ“n) =F (aw (ﬂ'n)1 aph (/In)’ adg (ﬂ'n)1 bbW ()Z’n)i bbp (ﬂ’n ))

An ill formulated math problem!

Z,, > K{

Provides independent measurement of water’s optical property

=) 7..-QAA




Derived a(355) [m]

Derived a(440) [m1]

Results of Zsd-QAA: simulated data.
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Results of Zsd-QAA: field data.

Derived a(410) [m1]

Derived a(490) [m]
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(Lee et al. 2018)



PAR(z) = PAR(Q)e " (¥)?

How to get PAR profiles for oceans of 100 years ago??

K2
(1+2)%°

Kpar (z) = K, +



Ky [m?]
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Modeled TR, (z) [%]
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Summary:

I
: : ] : : :
New relationship for Z;;: | Classical relationship for Z:
[

1 1 o)) 1 1 -,
Zen = In| —(r —r" )|V Zep = In
KT K [C{(T W)]I 0K, +C [Ct

fw

two key differences

1. attenuation: KtLr vs C

2. Evaluation of -1,
tr) vs

Contrast: (FT — Iy ) r,



1. The century-old classical theory does not reflect the fact that
a Secchi disk is not a point source for human eyes.

2. The contrast used in the classical theory is not consistent
with the judgement decision of the eye-brain system.

3. The new under-water visibility theory overcomes both issues
and provides plausible explanations for historical data and
relationships.

4. The new theory opens the door to produce global Z;, product
from satellite water color remote sensing analytically.

5. Z,, not only provides a direct/intuitive measurement of
water’s clarity that can bridge status of present day to 100 years
ago, but also valuable for many other applications.
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Global Water Clarity: Continuing a

Learn how AGU journals have worked to

Century-Long Monitoring o snE g
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An approach that combines field observations and satellite inferences
of Secchi depth could transform how we assess water clarity across the

globe and pinpoint key changes over the past century.

Secchi reading by Tim Plude on Wisconsin’s Lake Tomahawk, October 2012. Credit: Laura Herman

By Zhongping Lee, Robert Arnone, Daniel Boyce, Bryan Franz, Steve Greb, Chuanmin Hu, Samantha Lavender, Marlon Lewis, Blake
Schaeffer, Shaoling Shang, Menghua Wang, Marcel Wernand, and Cara Wilson @ 7 May 2018

Aquatic systems worldwide are changing because of increasing climate variability and human

activities. Yet it is difficult to capture such changes withourt standardized long-term observations

Water transparency or clarity is commonly represented as Secchi depth (Zsp) measured with a
Secchi disk. Secchi depth is determined by lowering the disk into the water and recording the
depth where it is no longer visible to an observer at the surface.

The measurement provides a first-order indicator of water quality and ecosystem health. Unlike
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EJJGR Planets

The Density of the Medusae Fossae
Formation: Implications for its
Composition, Origin, and Importance in
Martian History

— Lujendra Ojha, Kevin Lewis

Highly Cited
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Age, spreading rates, and spreading
asymmetry of the world's ocean crust

— R. Dietmar Miiller, et al



